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Abstract
The Shimosa Group in the northwest of the Chiba Prefecture, Japan, has been the object of stratigraphic
and tephrochronological studies. The sediments consist mainly of sand, gravel and silt, all belonging to the
Shimosa Group. The stratigraphic sequence of this area has not been recognized as yet because the sediments
are sandy and hidden below the surface. This paper presents the results of studies carried out on drill cores.
Based on the sedimentary cycle, the sediments have been divided into the following members: basal
gravel, silt and thick sand bed, in ascending order. This study establishes the correlation between these
members and those in the five core samples investigated. The different units are grouped here into three
large members termed Yo-I, Yo-2 and Yo-3.
The sediments of the five core samples are intercalated with nearly one hundred tephras. By using
petrographic properties, it is revealed that out of these, two tephras correlate with the well-known marker-tephras,
TB-8 (MACHlDA et al., 1974) that was named and dated in the Yokohama and Oiso areas, Kanagawa Prefecture,
and GoP (Gomashio-Pumice). From the results of the tephro-stratigraphical examinations, Yo-l is correlated
with the Ichikawa Sand (SUGIHARA, 1970)-that was formed at the same age as the Anesaki (Anegasaki)
Formation-, Kioroshi Formation and Kamiiwahashi Formation; Yo-2 is correlated with the Kiyokawa Formation;
and Yo-3 is correlated with the Yabu Formation, all belonging to the Shimosa Group, established in the
type locality in the middle part of the Boso Peninsula.
Key Words: Boso Peninsula, Shimosa Group, Drill cores, Sedimentary Cycle, Tephrochronology.
I. Introduction
The Shimosa Group was deposited in Paleo-Tokyo Bay during the Middle to Late
Pleistocene. Each formation was formed by a common sedimentary cycle in consequence
of a glacio-eustatic sea-level change and the tectonic movement of the sedimentary basin,
whose floor is tilted to the northwest in the study area.
On the Shimosa Upland, the subsurface stratigraphy has not been known yet because
the sediments are composed mainly of sand or gravel. Therefore, it is difficult to get
the paleo-environmental evidences.
The division of sediments has been based on a sedimentary cycle. Stratigraphic
study has been carried out mainly in the middle part of the Boso Peninsula (Anesaki
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Table 1. Stratigraphy of Oiso and Boso areas along with marker tephras as described by") SUGIHARA
et al. (1978), ....) TOKUHASHI et al. (1984), ......) MACHlDA et al. (1974). This study is based
on the tephrostratigraphic divisions of SUGIHARA et al. (1978) while the division of Jyoso
Clay is based on KIKUCHI (1981).
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area), where stratigraphic correlations have not been completed, especially in the area
between the middle and northern parts. As for the tephra layers, detailed
tephrochronological study has been done by MACH IDA et at. (1974) in the Giso-Yokohama
area. In the Boso area, some of these layers have been found (SUGIHARA, et aZ., 1978),
and this study is based on these tephrostratigraphy and stratigraphic divisions (Table
1). As they do not refer to the Jyoso Clay, the division of that formation is based on
KIKUCHI (1981).
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Fig. 1. Geological map of Kanto district.
Redrawn based on NJREI (1988)
Sh, Na, Yo, Sa-O and Sa-S are the study sites.
The detailed lithological descriptions of the drill cores in this study were carried
out by The Geo-pollution Research Team of Shishiba (Sh), Narashino-Yoshihi (Na),
Yoshihashi (Yo), Sakura-Ota (Sa-O) and Sakura-Shinmachi (Sa-S), and described
by the author again. The drilling site is located on what is called the Shimosa Terrace,
which is thought to have been formed during the Last Interglacial Stage.
II. Description and division of the cores
The sedimentary cycle consists of a basal gravel, poorly sorted mud, massIve sand
with abundant molluscan fossils and laminated, coarse-grained sand, in ascending
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Fig. 2. Division of the core sediments.
The number on the left side of each core refers to the sampling position of tephras. vfs
=very fine sand, fs=fine sand, ms=medium sand, cs=coarse sand, vcs=very coarse sand.
order. At the top of this cycle, trace fossils made by small insects are frequently
present. These fossils indicate a tidal-zone environment. From paleoenvironmental and
sedimentological study, it is inferred that one sedimentary cycle was made by one
regression and transgression of the sea-level.
Core sediments are divided into stratigraphic units (Cl, C2,"')' Between the five
cores, members are correlated and named as Yo-l, Yo-2 and Yo-3 (Fig. 2). The top
parts of the cores consist of a loam bed and a clay bed. The lithological descriptions of
these members are as follows:
LoaDl Bed: Reddish brown color massIve loams are present on the top of all
cores, sometimes small pumices are also present.
Clay Bed: Blue-grayish or white tuffaceous clay bed, contains roots of plants
and eroded pumices and scorias which are yellow or red in color. Many limonite bands are
observed and the top of this bed grades from loam at the bottom grade to a sand.
Yo-1: This is composed of gravel, poorly sorted mud and a thick sand bed containing
molluscan fossils. In Sa-O core, a peat layer is present at the top of the mud
bed. Frequently trace fossils are observed at the top of the sand bed.
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Yo-2: This is composed of gravel, mud and thick sand layers with abundant
molluscan fossils, typically in the Sa-O core. Mud layers are often intercalated with
the sand bed, the top of which contains many trace fossils. In the Sa-O core, a peat
layer is present in the mud bed.
Yo-3: This is found only in the bottom part of the Yo core and is composed of gravel,
thick mud layers and a sand layer with abundant molluscan fossils.
III. Study of tephra layers
1. Method of analysis
With reference to tephra layers, the parameters investigated were the general mineral
composition, heavy mineral composition, the shape of the glass shards and the refractive
indices of orthopyroxene, amphibole and glass ftagments. In order to obtain the
appropriate data, pumices were separated from the matrix and were analyzed
separately.
The Sa-O Loam,S m in thickness, was divided into 50 samples and each 10 cm
sample was taken at a time for the analysis. The samples were washed and the composition
of volcanic grains were investigated to find the ash horizons. Only the samples which
commonly contained volcanic particles, as described in Table 2, were investigated for
the heavy mineral composition. The samples most abundant in the volcanic particles
were studied for their index and the glass shape.
Refractive index "vas measured by the dispersion and thermal immersion
methods. The calculation soft wares are "IND' EX VerA.30" (KIMURA, 1994; for
dispersion method) and "MAIOT-Direct Measuring System" developed by Furusawa
Geological Survey (for thermal immersion method). The data from both methods were
cross-checked and were found to be identical.
2. Results of Analysis
The results are presented In Tables 2 and 3. The tephras in the study area are
pumices in most cases, and show similar lithological features. In addition, tephra layers do
not continue into the next core. The tephras are classified as A to D (lithological
classification) and a to c (microscopic classification). These factors are thought to be
important in evaluating whether a tephra layer indicates the fall horizon or a
rework. Lithological classifications are based on pumice compaction in the sediments.
The microscopic classifications are based on the relative composition of primary minerals
that have substituted the composition of glass and minerals surrounded with glass. The
relative abundance of volcanic particles decrease for A to D or a to c.
Lithological classification of tephras is as follows: A-means specific with certain
pumice or fine ash layers; B-Iarge or compacted pumices contained in the sediment; it
was possible to analyze only pumice grains; C-very small pumices sparsely contained in
the sediment, which could not be separated from the matrix accurately; and D-with
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Table 2. Analytical data on the specific tephra layers. The ash type IS as referred In the
text. Abbreviations used in text and their meanings are as in the following:
Opx =Orthopyroxene, Cpx = Clinopyroxene, Am = Amphibole, Bi = Biotite, Oq = Opaque
minerals, H = H-type glass shards, C = C-type glass shards, T = T -type glass shards, 0 = Others,
") Refractive index of hornblende
Cor. (ac.lIv~ '0 C;o«~iOO$:
..
"
'. ~$$
20. 0.0 .0 14 1.497-1.502(1.498·1.500)
Loam 28.9 9.0 1.8 0.0 10.2 50.1
Bed 25.0 2.9 7.7 0.0 18.3 46.1
44.1 23.5 2.0 0.0 21.6 8.8
10mm C 55.4 15.4 9.2 0.0 20.0 0.0 1.701-1.728
lQmm B 65.9 12.2 4.9 0.0 17.1 0.0
5mm C 69.0 8.6 17.6 0.0 3.3 1.4 1.699-1.714(1.7075)
3·10mm C 66.7 17.0 9.2 0.0 5.7 1.4 1.698-1.713
1-5mm C 76.0 12.3 4.7 0.0 7.0 0.0 1.702-1.714(1.709)
Sh 10-,4mm A 56.4 6.7 0.7 0.0 36.2 0.0 1.695-1.714(1.707)
2-Bmm A 68.4 26.3 3.5 0.0 1.8 0.0 1.700-1.718
'-5mm B 75.6 11.1 5.6 0.0 7.8 0.0 1.702-1.717(1.707) 1.500-1.504(1.5015)
'-Smm B 64.7 15.8 3.3 0.0 16.3 0.0 1.701-1.713(1.710) 1.497-1.502
'·10mm B 42.4 9.1 16.7 8.1 22.7 1.0 1.703·1.717(1.711 ) 1.499-1.508(1.5033)
sin A 38.3 7.0 36.6 1.2 15.2 1.6 19 48.6 32 1.703-1.724 1.502-1.509(1.507)
sin C 41.5 11.5 19.0 0.5 27.0 0.5 46.4 52.3 1.3 , .497-1.504 1.5005
O.5·6mm 60.3 9.5 3.2 0.0 27.0 0.0 1.698-1.717 1.499-1.5042(1.501 )
Na O.5·6mm B 48.0 15.1 10.2 0.0 26.7 0.0 1.496-1.505(1.498,1.501 )
silt A 40.0 17.5 23.8 0.0 18.8 0.0 81.7 11.8 4.9 1.6 1.700-1.715 1.498·1.501 (1.4995)
8mm A 69.0 17.9 1.2 0.0 11.9 0.0 1.700·1.7131.7075 1.515-1.5191.516
O.5-13mm B 51.3 19.6 9.0 0.0 20.1 0.0 1.704-1.713 1.502·1.510(1.5095)~: O.5-22mm B 53.9 10.1 6.2 0.0 29.2 0.6 1.708-1.716(1.713) 1.495·1.505(1.5085)
~7'·"'" O.5·1.5mm B 1.5,8".521('.5,95)~C lmm B 58.9 22.1 7.9 0.0 11.1 0.0 1.700·1.713(1.707) 1.499'1.516(1.500,1.5145)O.5-2mm C 45.5 18.3 16.5 0.0 19.2 0.4 1.708·1.714(1.710) 1.499·1.523(1.5005)
41" :; '-4mm C 40.0 18.9 10.3 0.0 30.8 0.0 1.705-1.714(1.708) 1.499-1.522(1.5015,1.5185)
Yo 4:t . O.5·7mm C
43 O.5-7mm C -----
44 lmm C 32.5 20.0 1.0 0.0 46.5 0.0 1.702-1.710(1.707) 1.515'1.518(1.5165)
46 silt C 43.2 22.9 31.0 0.0 2.2 0.7 31.4 66.7 0.0 1.91.702·1.707(1.703-1.704) 1.497-1.500(1.4985)
4g·,·' 1-7mm B 50.0 19.1 29.4 0.0 1.5 0.0 1.703-1.706 1.497-1.508
50' lmm C 24.2 13.2 45.1 0.0 17.6 0.0 1.699·1.726 1.497-1.508(1.5005) GoP
51 lmm B 8.3 0.0 87.1 0.0 4.6 0.0 '1.665·1.669(1.667-1.668) 1.502-1.505(1.5035) GoP
52. O.5-1mm A 7.0 0.4 87.2 0.0 5.3 0.0 '1.664-1.669(1.667) 1.503-1.508(1.5035) GoP
53 15mm A 28.8 52.3 0.4 0.0 18.5 0.0 1.709·1.714 1.504-1.507 1.5065
58 . silt D 46.6 15.2 31.4 0.0 5.8 1.0
59 silt D 41.5 20.0 26.0 0.0 12.5 0.0 ------
60 O.5mm B 60.0 14.6 0.4 0.0 25.0 0.0 1.704-1.710(1.708?)
61 O.5mm C 53.8 14.5 2.7 0.0 28.6 0.4 1.704-1.712(1.707?)
62 1·10mm B 4.9 2.5 91.1 0.0 1.5 0.0 '1.681·1.688(1.686)
63 O.5mm D 3.6 3.9 81.4 1.1 7.9 2.2 '1.682·1.687(1.686) 1.507-1.513.(1.501)
64 O.5mm D 41.4 4.8 9.0 0.0 44.8 0.0 1.700-1.713(1.7105) 1.499-1.517(1.515)
65 1·2mm D 50.4 10.1 11.8 0.8 26.9 0.0 1.702-1.713 1.509·1.518(1.517)
66 '·2mm C 37.0 11.8 9.2 0.8 41.2 0.0 1.700-1.714(1.708) 1.511-1.520(1.516)
'·2mm C 40.5 11.7 5.4 0.0 42.4 0.0 1.704-1.715
'·6mm B 32.7 9.3 2.8 0.0 55.1 0.0 1.702-1.718
'·6mm B 37.5 10.0 2.5 0.0 49.2 0.8 1.698-1.713
'-6mm B 36.5 10.4 3.5 0.0 47.0 2.6 1.700-1.713
O..5-20mm A 52.9 26.7 0.0 0.0 20.4 0.0 1.703-1.711 (1.7095)
1mm C 39.4 11.0 11.0 0.0 37.0 1.6 1.703-1.713
1mm C 45.0 17.2 9.9 0.0 27.2 0.7 1.701-1.717
'·10mm B 42.1 17.8 9.2 0.0 29.6 1.3 1.702-1.722
8-13mm B 48.7 3.8 15.2 0.0 32.3 0.0 1.701-1.716
O.Smm C 47.8 10.5 12.9 4.3 24.4 0.0 1.702-1.721 1.500-1.509(1.501.1.506)
O.5mm C 48.0 12.3 10.3 0.5 27.9 1.0 1.704-1.719
silt A 13.9 1.1 26.1 57.1 1.8 0.0 3.2 61.7 30 5.4 1.729-1.734(1.731) 1.497-1.499(1.498) TB-8
10-22mm A 43.9 15.9 1.1 1.1 38.1 0.0 1.705-1.709(1.706,1.708)
40mm A 48.6 39.1 1.7 0.0 10.6 0.0 1.709-1.716(1.713) 1.504-1.505(1.505)
O.5-4mm B 21.5 8.4 46.4 0.6 22.4 0.6 ' 1.683-1.689(1.686)
1-20mm B 37.3 16.9 14.6 0.0 31.2 0.0 1.704-1.724
'·8mm C 35.3 18.5 23.9 0.0 22.3 0.0 1.705-1.713(1.7085)
O.5mm C 31.2 24.9 37.0 0.0 6.9 0.0 1.706-1.71611(1.712??)
O.5mm C 13.3 13.3 56.7 0.0 16.7 0.0 1.707·1.71S"1.670-1.677(1.671 )
silt A 36.2 19.9 32.6 0.0 11.3 0.0 16.2 74.3 4.4 5.1 1.703-1.709(1.706) 1.500·1.501 (1.500)
m.sand B 11.7 1.9 1.5 0.0 85.0 0.0
5-8mm C 63.8 3.5 7.7 0.0 25.0 0.0 1.700-1.716
silt D 30.0 5.6 17.6 0.0 45.1 1.7 1.702-1.716(1.707,1.712)
lmm C 51.7 15.9 12.4 0.0 19.9 0.0 1.699-1.712(1.707)
Sa-S 99· . O.5mm C 49.4 13.9 13.3 0.0 23.3 0.0 1.697·1.711 1.495-1.507(1.5024)
1oll'" O.5mm B 54.7 13.5 8.8 0.0 23.0 0.0 1.699·1.718 1.496-1.505(1.4985)
101 O.5-1mm B 53.8 8.2 21.6 0.0 16.3 0.0 1.698-1.715(1.703) 1.496-1.505(1.502)
102 O.5mm C 60.6 7.7 20.6 0.0 11.0 0.0 1.698-1.713 1.503-1.506(1.5045)
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Fig. 3. Correlation to the Shimosa Group.
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tuffaceous sand, silt or mud. Microscopic classification IS as follows: a-means no
other fragments and characterized by abundance of primary minerals. b-a few
primary minerals are present; and c-abundance of other fragments and, rarely, of volcanic
particles.
The volcanic glass has been classified into four types, H, C, T and others. These are
based on the classification of YOSHIKAWA (1976). H-type shard consists of bubble
wall type glass. T-type shard consists of the glass particles containing many small
bubbles conspicuously or fiber type glass. C-type shard consists of intermediate shape
between the H-type and T-type. It is known that every volcanic ash has peculiar glass
shape of its own, especially for the vitric ash. This characteristic feature is also important
for tephra identification.
The indices of orthopyroxene and hornblende were measured by y axis and n 2
aXIs. The first figure in the column Refractive Index means the range, the figure
In the brackets means the peak of all grains.
2-1. Characteristics of tephra layers
Detailed characteristics of the tephras that have special features are described
according to locality of drill cores, as follows:
2-1.1 Sh (Shonan Town)
The number of tephra which have been sampled are 14, and the special
feature has been observed in sample No.6. This sample has two grains of white
colored pumice, which are 14 mm and 10 mm in size, contained in the lower part of
Sh-C1 Bed. It is composed of abundant opaque minerals. The refractive index of
orthopyroxene is y=1.695-1.714 (1.707).
2-1.2 Na (Narashino City)
Four samples were sampled in this locality. Samples No.28 and 29 were considered
to have special features. Sample No.28 has vitric ash of dark grayish brown color,
included in hard, massive silt. The glass shards are composed of H-type (YOSHIKAwA,
1976), and percentage is high. They contain mainly orthopyroxene (y = 1.700-1.715),
surrounded by glass. Sample No.29 has a white pumice. The average grain
size is 8 mm, and more than 70 cm in thickness. It consists of high percentage of
orthopyroxene (y = 1.700-1. 713; 1.708).
2-1.3 Yo (Yachiyo City)
A total of 15 samples are described to reveal a characteristic of tephras. Two of
them, Nos. 52 and 53 have been found to have a special feature. Sample No.52 has
a white pumice layer which is contained in the silt, with abundant amphibole in the
matrix. Amphibole (112 = 1.664-1.669) comprises nearly 90 percent of the composition,
and it carries a low percentage of cummingtonite. Glass index is 1.503-1.508 (1.504)
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and samples No.50 and No.51 are inferred to be reworked from No.52. Sample
No.53 shows a well bubbling pumice (maximum size is 15 mm) which is contained
sporadically in the silt alternating with fine to very fine sand. Clinopyroxene is abundant
and orthopyroxene index is 1.709-1.714 (1.667).
2-1.4 Sa-O, Sa-S (Sakura City)
A total of 37 samples was obtained from these localities, where the special feature
In the Sa-O locality was found in the sample Nos.71, 78, 79, 81 and 91. The
characteristics of these samples are as follows; No.71 has white pumice with grain size
of 0.5 mm mixed with yellow pumice as large as 5 to 20 mm. Orthopyroxene
(y= 1.703-1.711;1.710) is abundant and the grains are surrounded by glass. Sample
No.78 has gray vitric ash with laminae with abundance of plants and wood
fragments. Glass forms more than 70 percent, and consists mainly of C-type of glass
shards with index of 1.497-1.499. It is contained in the silt alternating with silty very
fine sand. Biotite and amphibole are abundant and often minerals are surrounded by
glass. The index of orthopyroxene (y=1.729-1.734; 1.731), is so high that it is useful
for tephra identification. Sample No.79 has a light yellow or gray pumice layer as large
as 10 to 22 mm, contained In fine sand. Thickness is 3 cm and orthopyroxene
(y= 1.705-1.709; 1.706, 1.708) is abundant, surrounded by glass. Sample No.81 has
white pumices as large as 10 to 40 mm and condensed in fine sand. Only one large
pumice was analyzed. Orthopyroxene (y= 1.709-1.716; 1.703) and clinopyroxene are
dominant and surrounded by glass. Refractive index of glass IS 1.504-1.505
(1.505). Sample No.89 has a white to brownish vitric ash which is contained
in the solidified silt; it contains many glass particles (about 80 percent in rate). Glass
particles consist mainly of C-type shard with refractive index of 1.500-1.501(1.500). The
index of orthopyroxene is y= 1.703-1.709 (1.706). Sample No.91 is of black color and is
solidified, medium grain size ash, which is composed of opaque minerals at least of up
to 80 percent. Minerals are very fresh and many particles are surrounded by glass.
Other characteristic tephras in Table 2 are as follows. Sample No.13 is abundant
In amphibole and glass, and index of orthopyroxene (y=1.703-1.724) is very high with
a wide range. Sample Nos.37, 40, 41, 44, 65 and 66 have relatively high index of
glass. Sample Nos.50, 74, 76, 77 and 83 have relatively high index of orthopyroxene.
Sample Nos.62 and No.63 are abundant in amphibole.
Sa-O Loam consists abundance of olivine grains. Many pumice matrixes contain
relatively abundant glasses. This may indicate that many pumices are relatively fresh
and are not reworked.
2-2. Correlation of tephra layers.
Sample No.52 is correlated with GoP because it contains abundant amphibole and
cummingtonite, its refractive index coincides perfectly and heavy mineral composition
is also similar to that of GoP. It is presumed to have erupted from the Chubu
70 Chihiro MIYAKAWA
District around Nagano and Yamanashi Prefecture. It was also described around Anesaki
area. Sample N 0.78 has the conspicuous property of relatively high index of
orthopyroxene (y=1.729-1.734; 1.731). It is correlated with TB-8 and it is presumed to
have been deposited in water because it contains many wood fragments and
lamination. This is found around Anesaki area in the upper mud bed of the Kiyokawa
Formation.
The ash horizon In the Sa-O Loam Bed, sample No.1.0, is identified with the
Aira-Tn (AT) tephra. A gradual increase in glass content was observed around 1 m
depth. It consists mainly of H-type glass shards with index of 1.497-1.502 (1.498-1.500).
IV. Correlation with the stratigraphy of the Shimosa Group
The stratigraphic position of TB-8 and GoP in the Shimosa Group was reported by
SUGIHARA et al. (1978). Therefore, it is clear that the Clay Bed is identified with the
Jyoso Clay (KIKUCHI, 1981). The division into Upper, Middle and Lower parts could
not be decided because of the absence of the marker tephras for this division. Yo-1 is
correlated with part of the Jyoso Clay, the Kiorohsi Formation and the Kamiiwahashi
Formation. The relatively coarse grained sand at the top of Na-C1 is correlated with the
Ichikawa Sand (SUGIHARA, 1970), which is considered to be of the same age as that
of the Anesaki Formation which was described in the Anesaki area. The division of
the Kioroshi Formation and the Kamiiwahashi Formation could not be done because
there are no cleat- boundaries. Yo-2 is correlated with the Kiyokawa Formation. The
upper clay bed in Sa-O-C2 bed, which contains sample No.78 (TB-8), is considered to
be the Upper Clay Bed (TOKUHASHI et al., 1989) in the Kiyokawa Formation. Yo-3
is correlated with the Yabu Formation because it contains the GoP tephra. The sand
bed under the Yo-C3 Formation is considered as part of the Jizodo Formation, the
bottom bed of the Shimosa Group. The depth of bottom of the Shimosa Group were
inferred from NIREI (1975). This study matches the past studies conducted in the area.
The Sa-O Loam Bed is identified with the Tachikawa Loam Formation, because
of abundant olivine present in all the samples.
V. Conclusions
1) Tephrostratigraphic and petrographic investigations In drill core samples from
the Shimosa Group have provided important information on the subsurface stratigraphy
of Middle to Late Pleistocene sediments.
2) By using marker tephra TB-8 and GoP, the underground sediments in the
northwestern part of the Boso Peninsula are correlated with the Shimosa Group. The
basal-depths of each formation is thus revealed.
3) Along the Tokyo Bay area, it is found that there are differences In lithofacies
and depth of the bed as observed in Na core.
4) Among the vitric ash layers, two are identified to be widespread tephra erupted
from a far place. It is concluded that these layers serve as useful time markers.
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